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On the basis of a study of the frequency dependence of the
weaking of cosmic radio emission during sudden ionospheric disturb-

ances, the following conclusions have been arrived at:

1, The spectral distribution of the intensity of X-ray
emission of solar flares is different for various flares.
2. Some of them are characterized by an aprreciable increase

L
in the intensity of X-ray emission in the short-wave region (O,l=s=1 A)

. RutHer

* *

Roclket measurements [1, 2] and indirect methods of investiga=-
tion of the D-resion of the ionosphere [3, 4], point to tke fact that
an appreciable increase of shortwave radiation is observed in the
emission of some solar flares, causing substential variatione in the
terrestrisl ionosphere. The cstudy of the spectral composition of this
radiation and of its temporal variation offers a substantial interest
from both, the astrophysical snd geophysical points of view.

For the investigation of flares' hard radiation the method

of asborption measurement in two frequencies can be applied.

Issledovanlye rentgenovskogo 1zlucnen1ya solnechny&h vspyshek
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radioastronomicheskim metodom



Study of frequency dependence of signal weakening during SID [5, 7]
allows the judging of absorption layer p'osition. And since the pene=-

" tration depth of flares' X-~ray emission and the height of the surplus
absorption are directly interrelated, we may obtzin, by studying the
frequency dependence of radiorave absorvtion, a certain number of data on

the spectral distribution of that radiation.

DEPENDENCE OF ABSORP'I'ION ON FRWOUENCY

Currently a racdioastronomical method is broadly applied for
the study of frecuency dependence of sisnal weakening [5-= 8]. It
consists in registering of the intensity of cosmic radio emission in
several frequencies.

The field strength of the received radio emission E and the
medium's absorvtion factor, are linked by the following correlation
(see ref., [91):

E )
lnE.-=—Sk(z)dz, (1)

where Eo is the field strength in the zbsence of sbsorvtion;

: _2ne* Nz, )v(2)
»k(29 t)"“ﬁ V?(2)+(0)+(I)L)’ ]

N(z,t) is jthe electron density; v(z) is the collision frequency;
m 2nd e are resvectively the charge and the mass of the electron;
¢ — the speed of light, @ is the operation frequency; OL— the
gyrofrequency.

It was shown in [5] that when the X-ray emisczion of flares
penetrates to heights where ot > 0 4+ @, ,there may exist, depending
upon the form of the curve N(z,t), a dependence of surplus sbsorp-

tion on freguency in the form:

AP(I)I — [mL + (,,’]n ’
AP-(I)’ (')l+ml. !
o<n2




where Apg, i the surplus absorvtion in the frequency @, Ape, ies the
surnius zbsorwntion in the frequency Q.

Besides, as was noted in [5], if the increase in jonization
takes place mostly in a layer that is thin by conpearison with the

cuiet D-region, we can write for the layer where

vivs = (03 + L) (@, + 0r), @

the relation

é£2L==?1j;2£. (%))
APQ, oy + o L
v, and v, being the values of collision frecuency at boundaries of the

disturbing layer.

In order to study the frequency dependence of signal weakening
(determination of the position of the surplus absorption), we used the
data on absorvtion of cosmic radio emission in two frequencies : 26.7
and 32.5 mc/s L[8). During the period from Avril 1960 to August 1961
more than 20 cases of sudden incresse in cosnic radio emission were
registered.

In Table 1 next page, we present 17 cases for which the ratios
of surplus absorptions are determined in the maximum of ionosphere effect
in two frequencies, For operation frecuencies of 26,7 and 32,5 mc/s
and provided the electron density increase takes pvlace in the rersion

where @»v, the ratio of surplus absorptions is

e (G0r) =1

As may be seen from the Table, the weakening in intensity of
cosmic radio emission during certain (dates underlined) SID, is inverse-~
ly proportional to operation frequency, i.e. correlation (3) is being
adhered to. Utilizing the exprescsion (2) and also the data on altitude
distribution of collision frequency v (z) [10], we may conclude that
the increase in electron density for the effects noted took place mainly
in the 40—~ 6C km region.



TABLE 1

DATE _COMiTRCHM. | MAXIMUM| E N D ﬁg;—;’g—:;
1.1V 1960 r. 11h5qm__gqhgom 12hoz™m ' 1,20
,29.V . ] 1039 —10 40 10 45 . 1,46
8.VI 10 44 10 50 g1hoqgm 1,27
13.vI 10 42 1,46
26.V1 16 58 —17 00 17 12 18 00 1,46
;"Z\YI‘I 14 49 14 58 15 30 1,50
VI © 1357 14 00 1420 —14 30 1,42
. 13 23 —13 24 13 32 43 54 1,35
;zm 10 25 —10 26 10 38, 11 50 1,44
(ALl 15 19 —15 20 15 22 1,22
14.VIL[ 16 06 16 09 16 35 1,65
19.VIll ' 15 28 15 50 1,46
14.1X | 13 03 —13 04 13 10 1,46
19.IX 9 59 10 08 1,32
10.XI 13 17 13 29 15:40 1,57
12.X1 ‘ - 16 26 16 30 1715 - 1,20
18.VII 1964 r_ 12 43 —12 44 13 14 14 30 1,20

DEPENDENCE OF IONIZATICN EXCESS ON ALTITUDE

As a result of absorption by the medium of a single X-ray
quantum [11], there are formed:
4

hv- 500

1

= 1 (Q) pairs of ions.

where h+v is the energy of a quantum; 500 is the binding energy ;
&4 is the quantity of enersy necessary to form one pair of ions.

The total number of ion formation evenis at the altitude s
will then be

As :
() — __S00\s(a)n(2) —%(22)
1() S(l hv)————% Sw®e ™, @

M

where A is the wavelength; ¢()) is the effective photoionization

crocs section; 7(A,z) is the optical thickness; S, (1) is the flux

beyond the atnosphere.
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It may be seen from the expression (4) that if the dependence
of the flux Se (A) on the wavelength is known, we may plot the relative

veriztion of ion formation function with the height [12], i.e.

- o , _
=10 6
?@) T@),... (6)

where I (z) is the maximum value of the function of ion formation.

Z=Zpy
In order to determine the dependence of the surplus (excess)
ionization on altitude, we shall utilize the standard balance equation
[11]. Aszuming that the effective recombination coefficient does not
depend on altitude in the 40— 80 km range, we shall obtzin

N D=1/ 76 Dt — IO Dep O T @D, (6)

. =,y

where N(t,z), _ t is the value of electron density at the eltitude s;
x(t, Z)t=tm is the relative increase in electron density at the alti-
tude z_ 3 N (0, z) is the value of electron density during the quiet
state of the ionosvhere; fm is the time of ionosphere effect maximum.
It may be seen from (6) that if the model of undisturbed ionosphere and
the relative variation of electron density at the altitude &, are known,
we may plot, for a specific form of See(A) [ Or @(2)] of the X-emission,
the distribution of excess ionization in time of SID, and conseguently,

we may also %ompute the value of total absorption.

SPECTRAL DISTRIBUTION OF THE INTENSITY
OF X-RAY EMISSION

1. Methodical Part.

The determination of the function S, ()) was effected by the
coriparison method of results computed with those of observations, msking
use of the correlations (1), (&)~ (6). The distribution of N (0, 2z)
was given in the form of the exponential N (0, z) = 100 - e0¢2> (2-70)
[12]. The selection of the distribution function of the initisl vzlue of

electron density has no principal eignificance, for in the 40— 60 km



altitude region the value N (O, z) may be neglected by coxparison with
that of N (%, z)

t- tp
i.e. for Se(A), that the value of the excees absorption in the freouency
of 26,7 mc/s '

o The latter was so celected for the given @(z),

_2net( [N(t,2) —N(0, 2)]V()
Ap = me S v (2) -+ 4n2 (26,7 + f ) dz

z

be corresponding to the experiwentally measured value Af{d‘-" at time
of the SID. Then we computed the absorption in the frecuency of 32,5 mc/s,
finding the ratio of excess aasor:tions

APp_ss

Ap f=32.8

From the comparison of the recults obtezined with those of obzervations
we derived the conclusion on the spectral intensity distribution of X~ray
emission of the flare.

With the view of corroborating the possibility of avplying the
proposed method of S ()) determination, it interesting to concider the
ionosvhere disturbance of 12 Angust 1760, An increase by 2.3 times in
the flux of shortwave radiation was reristered in the 8 — 21 .K wave-
length region abosrd the 2nd spzceship-sateilite between 1545 and
15 54 hours lMoscow time. As a result of the effect of this shortwave
radiztion an ‘increase in eclectron demsity [11] (absorption increase)
must take place in the region above 75 km. The time interval (1545~ 15 54)
corresponds to ionosphere efiect maximum (1550 hrs). The measurement of
intensity of cosmic radio emission in two frequencies

(AP}.—::M _ 1;46 )
LY TR

shows that the increase in absorption meinly took place in the region
above 75km, which agrees well with [1]., Therefore, we are in a position
to judge about the character of shortwave radiation of solar flares by

studying the freguency dependence of radiowave absorption.




2, QUANTITATIVE ESTIMATES

T. Chubb and H, Friedman with their associates have messured
the X-ray emizsion spectruu during the flare of 31 August 1959 [17%].
Using these data, Whitten and Poppoff [14] plotted the distribution
of excess jonization as a function of altitude (Fiz.1l). As may be
seen from that Figure, the increase in electron density took place
mainly above 70 km, Since for the SID recorded in Table 1 the increase
of excess absorption took place at the 40— 60 km level, the spectral
distribution of the intensity of shortwave radiation of flares having
caused these ionosphere effects apparently has another character,
To corroborate this assumption we shall examine the SID's of 1 April

Niz), cu 107" . and 12 November 1960, The distri-

LI SR N BN NN NS SN BN

bution of excess ionization in the
assumption that the emission of the
flare takes place only within a
narrow, strictly defined wavelength
range, is plotted in Fig. 2 (solid
curves). The intensity variations

in each of these intervals correspond
to the variation of spectrum inten-

sity in the same band [14], i.e.

if we should broaden this wavelength

50
2. ku range, we would obtain a spectrum
Fig.1l,.- Dependence of electron published in [14],.

density on altitude obtained in
[14) for the SID of 31 Aug.l959 The curves N(z) of Fig.2 are
Plotted for the corresponding bands

with the view that (appropriate selection of x(f 2}=, ) thet the total

Z=Zm

excess absorttion be equal to the maximum value measured duringSID
in the frequency of 26,7 mc.s. Then we computed the absorption in the
frequency of 32.5 mec.s. The ratios

App_g7
App_32s
are plotted in Table 2. .
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Fig. 2. - Dependence of electron density on height for the
ionosphere disturbance of 12 November 1960 (a)
and for that of 1 April 1960 (§).



9.

TABLE 2
Chubd a, Fr1e1dman So(A)=fAr)=const Txveriment
DATE band ratio band rotio APesen
1960 8p; s g
Nov.12 | 1.0= 0.1 A | 1.345 1.0= 0.1 &| 1.293 ;
0.5= 0.1 1l.273 0.6 - 0.1 1.270 ~] ,2
0.3— 0.1 1.235 0.2— 0.1 | 1.2k5 3
Apr. 1 | 3,0— 0.1 1.292 3.0~ 0.1 1.262 ~1.2
1-5— 001 1021"' loo_ o'l 10231‘”

It may be seen from Table 2 that the best agreement of the
conputation data with those of observations takes place in the assump-
tion that the X-radiation is emitted in the 0.3 -~ 0.1 K range (12 Nov.)
and in the 1.0~ 0,1 A band (1 April)., This arreement is disrupted as
the bznd widens. Consecuently, the ionos'phere efiects of the type of
those of 12 November and 1 April 1960 cannot poseibly be e:plained by
X-ray radiation with the spectral distribution of [14]. On the basis
of that, we may apparently reach the conclusion that the spectrel dis-
tribution of X-ray radiation of flares is different for various solar
flzres. )

If we further assume that the X-ray emission of flares is due
to bremstrahlung of highly-energetic varticles [15], it is hardly pro-
bable that the spectrum of shortwave racdiation will be limited to the
long-wave reéion. That is why attempt is made by us to explain the iono-
sphere effects of the type observed on 1 April by a spectrum with maximum
intensity value in the 0,3 2 revion. At the same time, the variation
of shortwave radiation intensity in the soft radiation region is inverse-
ly proportional to the square of the length of wave (Sw(l,)oc%;), and in
the hard radiation region - proportional to wavelength (Se (A) xA).

The computation of excess absorptions of (&’ﬂ = 1,236)
f=38.8

. Aps_gen _
" prints to the good agreement with the observation data of( ! “"zl,2)

8Pi—s1s
T};erefore, the ionosphere efiects of the type of 1 Avpril 1960

may be explained by the spectrum represented ir Fig, 3 [next narel,
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If we now assume that the position of the maximum value of Sgq (A), just
as the inclination of the dropping
StA) ' ramifications (Fig, 3) may vary, the
different ionosphere effects can he
explained, and the spectrum, presecnted

in ref, [14) can be obtained.

Inasmuch as on the basis of study
Fig.j.- Dependence of the X-rsy  Of SID's mo strictly specific deduct-
flux on the wavelength, ions on the spectral distribution of
shortwave radiation can essily be
made, conceptions are introduced in
regard to the eftective X-radiztion band, i.e., the true distribution of
See()) is aporoximated by a rectangular distribution in the a certein
wavelength range
As - Ay .
S.(l _@) ‘a(l)n(z) Seo (A) 6~ dh= Soo S (1 __50_0) s(MA@) ) gy
. 3 & . hv €;
Ag l.;
The dependence of electron density on altitude is reprcsented in Fig, 2
by dashed lines., The vzlues of ratios of excess absorptions in two fre-
cuencies BPf—se1 for the corresponding bands (S g()) ) &re compiled
in Table 2. Pr-as It may be seen from the Table that the solar flares
hzving caused the ionosphere effects of 12 November and 1 April 1960,

were attended by rather hard shortwave radiation (0,1 —1.0 .

Pefore making final conclusions, it is necessary to tzke note
of the following. We made the assumption of the fact that the effective
recombination coefficient Ggﬁ(z) ) does not depend on altitude in the
lover region D of the ionosphere., The accounting of the dependence of
Xegp(z) on altitude may only lead to the fact that the effective X-ray
band of the flare will be situated in a shorter part of that spectrum

band, As to the general tenor of the conclusions, it will not change.
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Therefore, on the besis of the material brought up, the following

conclusions can apparently be derived :

l, - Comparison of ioﬁosphere effects with the rocket mezasurements
of X-ray raciation point to the fact that indirect me:surements of short-

wave radiation can be successfully carried out alongside with the direct

ones.

2., ~The spectral distribution of the intensity of X-ray emission

of flares is different for various flares,

5+ = Certain solar flares are characterized by an appreciable
increase in intensity of X~ray radiation in the shortweve region (from
0.1 to 1,0 4).

It is natural that all the indicated deductions must be verified
by mezns of a larger experimental material, involving the data obtained

aboard rockets and satellites,

#x» THE END s%x

Translated by ANDRE L. BRICHANT
on the 25 November 1963
under Contract No. NAS-5-2078.
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